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METHOD OF FABRICATING A TIERED STRUCTURE USING A 
MULTI-LAYERED RESIST STACK AND USE 


Field of the Invention 


The present invention relates to semiconductor processing techniques, 
and more particularly to the fabrication of a tiered structure using optical 
lithography methods and base layer stabilization to prevent interlayer mixing 
and a method of forming a semiconductor device with the tiered structure. 


Rank ground n f the Invention 

Gate structures in FET devices are a critical component affecting 
15 device performance. Gate structures on many current metal semiconductor 
field effect transistors (MESFETs) and high electron mobility transistors 
(HEMTs) use metals, such as gold (Au), to achieve the low noise, low 
resistance performances required. Due to the non-reactive nature of these 
metals and the difficulty in etching them, additive fabrication techniques, such 
2 o as evaporative metal deposition and lift-off processing, are typically employed 
in the manufacturing of these gates. 
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During operation, the speed of a transistor is inversely related to the 
length of the gate with smaller gates providing faster switching times. This is 
because a gate with a small foot or stem (length) offers less gate 
capacitance. However, one drawback is that such a gate having a 
conventional rectangular cross sectional area is more resistive as the gate 
length decreases, because its cross sectional area decreases. Improved 
gate performance can be attained if a gate is fabricated to have a small 
length or foot dimension, but a larger top section having a larger cross 
sectional area. The small foot or stem (gate length) attached to the substrate 
minimizes gate capacitance, while the larger structure or head on top allows 
for low gate resistance. This tiered structure now resembles a T and so this 
type of gate is commonly referred to a T-shaped gate or simply a T-gate. In 
many instances, this structure is also referred to as a Y-gate or a mushroom 
gate due to its final shape, which depends upon the method used to deposit 
the metal. Deposition methods such as evaporation or sputtering result in a 
gate structure which is dimpled at the top and thus take the shape of a Y. 
Metal deposition which is done from the bottom up such as by plating, results 
in a gate structure which is more rounded in profile, thus resembling a 
mushroom. In either case, the cross-sectional dimension is not uniform and 
, thus is deemed a tiered structure. In yet another instance, a tiered structure 
known as a gamma-gate can be produced. A gamma-gate is fabricated to 
include a top tier which is not centrally aligned with the bottom tier, or stem 
portion. This can be easily done by purposeful and controlled misalignment 
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during lithography of the top tier with respect to the bottom tier. Accordingly, 
use of the terms T-gate, Y-gate and gamma-gate are all synonymous terms, 
since all apply to tiered structures having slightly different cross-sectional 
shapes. In this disclosure the term T-gate, the most common term in the art, 
is intended to encompass all of these structural variations. 

Typically, T-gate structures are used in high performance devices, as 
they give lower noise performance, higher gain, and higher cutoff frequenc-es 
as compared to simple rectangular gates. In a metal T- gate the upper, 
10 wider part of the gate increases the cross-section of the gate, which reduces 
the gate resistance. So where a small gate length reduces noise, a T- gate 
with a small gate length reduces noise even more. 

Fabrication of a metal structure such as a gate using an additive 
15 metallization process, requires that a liftoff resist process be used. In a liftoff 
resist process, special techniques and resist materials are used to form a 
retrograde or re-entrant resist profile. Here the top of the resist is opened 
more narrowly than the bottom of the resist which is processed to open more 
widely, forming the desired profile. This is in contrast to conventional resist 
2 0 processing such as when resist is used as an etch mask. Here, it is 
advantageous that the resist profile be either vertical or have a slightly 
positive slope. There are many known resist processes used for liftoff 
fabrication, but all have in common this retrograde profile. The most 
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commonly used processes employ two different resist materials which are 
,ayered one on the other to form a bilayer stack. The two materials have 
different exposure and dissolution characteristics which cause each to have a 
different development rate. The bottom layer is generally a somewhat 
5 isotropic^ developing, low contrast resist and is made to develop lateral* 
more than the top layer. The top layer is a more aniso.ropically developing, 
high contrast layer used to define the opening for metal deposition and 
ultimately define the metal structure's dimension (length). Other processes 
have made clever use of resist chemist^ and have achieved a similar 
10 retrograde profile in only a single layer. This is done by controiled diffusion o, 
a neutraiizing agent into the top surface of the resist to a limited depth. This 
neutralizing agent (typically a base) slows the dissolution rate o, the resist 
near the top of the resist layer where the concentration of the agent ,s 
greatest. Dissolution rate is unaffected below a certain depth into the resist, 
1S where development occurs a, a normal rate. The slowed rate for the top 
compared to the bottom portions of the resist layer combine to create a 
retrograde profile. 

A T-gate is a special type of structure, and like conventional 
20 rectangular gates, can be fabricated using additive metallization and liftoff 
processing. However, since a T-ga,e is an example of a tiered structure, the 
resist process is more complicated since an additional tier of resist is needed 
,o form the stem of the T shape. As with conventional liftoff processing, many 
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typ es o, T- 9 a,e processes have heen proposed. All have in common a h, g h 
ste m A conventional bilayer or sin g ,e layer « resist process is bull, on ,op 

and fills the structure starting from ,ne bottom (ease or s t em section) and 
pr0 eeeds through the top section, stopping when the desired thinnesses are 
achieved. 

E ,ectron-beam Urography has been often used tor the taxation ot T- 

gate pertormance. However, many other factors are beneficial and naturally 
inh eren, to e-heam ii,o g raphy, and are in contrast, ahsen, from optica, 
L5 lithogra phy. Such factors add addition, favor to e-heam lithography as a 
mea ns o, fabricating T- g a,e resist profiies. The two mos, important o, 
are , h e transparency o, e-heam resists to hi g h ener g y electrons, and the 
insolubility of e-heam resists which aiiow for muiti-levei stacKing. 

Poly meric materiais used as e-heam resists are largely transparent to 
h ig h energy electrons used for exposure. Por this reason, it is we,, k nown in 

s, ack and se,ec,ive deve,opers is adeguate to expose a compieted T- g a,e 


resist profile. This is not true of other types of lithography suoh as optical 
lithography where resist materials are largely absorbing making it impossible 
,o pattern, with the highest reso.u.ion, the base layer through the adjacent 
overlayers. In addition, many commonly used e-beam resists such as PMMA 
(poly methylmethacryla.e) have a very high molecular weight (MW) (often > 
1,000,000) and achieve development contrast through e-beam induced chain 
scissions which dramatically reduce MW in exposed areas. Rapid 
development of exposed areas occurs since lower molecular weigh, polymers 
dissolve much more rapidly than high molecular weight polymers. The 
relative insolubility of unexposed high MW e-beam resists also allows them to 
be coated in adjacent laminar layers without interlayer mixing or solvent 
attack from the next layer to be coated. This low solubility is a key enabling 
factor which allows a complicated T-gate liftoff resist stack to be built. Optical 
resists are no. chain scissioned upon exposure, but chemically react to form 
, m0 re soluble products. However, even unexposed, .hey are highly soluble 
compared .o conventional e-beam resists due in part to their relatively low 
MW (<100,000 typically), and thus are subject to intermixing and solvent 
attack from subsequent layers. I. should be pointed ou, that while the 
molecular weigh, of a polymer affects ifs solubility, structural features which 
0 determine the polarity of the polymer also play a role. 


For these reasons conventional novolak/DNQ (diazonapthoquinone) or 
chemically amplified optical resists are no. used for T-ga.e fabrication. The 
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one exception to this is the case where a negative acting resist is patterned 
as the base layer using optical methods, and the cap portion is created by an 
alignment and exposure of a second mask. This works since this type of 
negative resist, is by its nature crosslinked. Its crosslinked structure gives it a 

5 very high MW and low solubility. Such a layer used as the base of a T-gate is 
unaffected by subsequent resist layer applications. Other methods of 
fabricating T-gates which do not use resist materials as base layers have 
been proposed. Using these methods, T-gates are created by first forming 
the stem by etching into a film, such as oxide or nitride. This is followed by a 

1 o bi-layer lift-off process to create the cap section. 

However, all of the above methodologies are inadequate when 
proposed for use in a manufacturing environment where simplicity and 
reliability are required. E-beam tools, while offering high resolution, are very 
15 slow and have extremely poor throughput. Using an oxide or nitride process 
to form the stem adds many steps to the fabrication process, and is inherently 
inefficient. These additional materials also create additional undesirable 
device parasitics such as increased gate capacitance which detract from 
device performance. In addition, negative resists are not widely accepted by 
2 0 industry and thus are not used in modern fab environments; only positive 
resists are used. Therefore, the most valuable process for forming T-gates is 
one which would use only modern high throughput optical lithographic 
methods, tooling, and materials to form the entire required resist structure. 
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This can on,y be done using modern positive i-line and ohemioally amplified 
deep ultra violet (DUV) resists, with a technique that is also extendable to 
next generation lithography tooling and resist materials such as 193 nm, 157 
nm, 126 nm and Extreme Ultra Violet Lithography (EUVL). 

Accordingly, it is an object of the present invention to provide for a 
method of fabricating a tiered structure, such as a T-ga.e structure, utilizing 
optical lithography methods. 

It is another object of the present invention to provide for a method of 
fabricating a tiered structure in which a stabilized resist base layer is 
fabricated to prevent interlayer mixing during subsequent layer fabrication. 

It is yet another object of the present invention to provide for a method 
of fabricating a tiered structure in which standard and conventional resist 
materials are utilized without the sacrifice of any resolution needed to form 
the structure. 

It is still a further object of the present invention to provide for a 
3 method of fabricating a tiered structure utilizing positive resists composed of 
moderate molecular weight, linear polymer chains. 
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Summary of th e Invention 

These needs and others are substantially met through provision of a 
method for fabricating a tiered struoture, suoh as a T-gate struoture, including 
5 the steps of providing a substrate and depositing on the uppermost portion of 
the substrate, a plurality of organic resist layers. A first resist layer is 
deposited on the substrate and a trench for a gate stem is formed in the 
layer, by imaging with a radiation source. The resist layer undergoes a 
stabilization process in which radiation and/or heat are applied to the layer, 
10 thereby causing the layer to react and cross-link without destroying or 
deforming the trench formed for the gate stem. Next, a resist stack is 
deposited on the stabilized layer. Due to the stabilizing of the first resist layer, 
there is no deforming effect on this layer upon the introduction of the resist 
stack. The resist stack is next aligned, exposed and developed thereby 
15 providing for the opening of a large trench over the trench formed for the gate 
stem. A re-entrant profile is formed in a portion of the resist stack adjacent 
the stabilized resist layer. A metal is deposited in the formed trench opening, 
and the organic layers are subsequently removed to expose the tiered 
structure. 

20 
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Rria< Df-sci-ic ''"" of the Drawings 

The foregoing and further and more specific objects and advantages of 
the present invention will become readily apparent to those skilled in the art 
fr0 m the following detailed description of a preferred embodiment thereof 
taken in conjunction with the drawings, in which: 

FIGs. 1-7 illustrate cross-sectional views of the steps in fabricating a 
tiered structure according to the present invention. 


retailed Descri p'inn of the Preferred Embodiments 

,n developing a tiered structure, such as a T-gate structure, according 
to the present invention, the challenge lies in creating a tiered structure using 
only positive resists composed of polymeric materials having a low to medium 
molecular weight. In order to accomplish this, several issues must be 
overcome. First, resist compatibility must be taken into account. Low to 
, medium molecular weigh, (MW) i-line and deep ultra violet (DUV) resists tend 
,o intermix when other layers are coated on top of them. Use of these resists 
as the bottom resist layer must somehow avoid intermixing. Second, 
resist/developer compatibility must be examined. Resists and developers 
must be chosen in such a way to affect only the layer(s) intended. Third, 
5 bake temperature compatibility must be deal, with. As the s.ack is built, care 
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must be taken so ,ha, subsequent ba.e temperatures wi„ no, affec, ,he 
previous ,ayers. Finally, resist .ransparency is a .actor that mus, be 
considered in mu.ti-layer resist systems. Resis, materiais mus, be seieoted 
so that exposure(s) will affect the resis, layer(s) in the desired way. 

Referring now to the drawings, illustrated in FIGs. 1-7 are steps in the 
fabrication of a tiered structure, and more speci.icaliy a T-ga.e structure, 
according to the present invention. ,. shouid be understood that during the 
course o, this description, UKe numbers are used to identify I*. eiements 
according to ,he differen, figures ,ha, iilus.ra.e the invention. Accordingly, HQ. 
, i„us,rates in simplified cress-sectiona, view a firs, s,ep in ,he method o, 
fabricating a tiered structure according to the present invention. Hlustra.ed in 
FIG 1 is a firs, s,ep in the fabrica.ion o, the semiconductor device o, the 
pr esen, inven.ion, generally referenced to, including the providing o, a 
substrate ,2. Substrate 12 is described as being formed o, a materia, chosen 
from the group consisting of: a column IU-V compound semiconductor 
material, glass, metal, and silicon. More specifically, in this pedicular 
embodiment, subs.rate 12 is described as being formed of an InP materia,. It 
0 should be understood, the, anticipated by ,his disclosure is ,he fabrica.ion o, 
sub s,ra,e 12 o, an InGaAs ma.erial, a GaAs ma,erial, silicon, or any Cher 
materials commonly utilized in the fabrication of semiconductor devices. 

Subs,ra,e 12, has disposed on an upper surface 13, a base resis, layer 
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14 or firs, resist layer. ,, is disclosed that base resist layer 14 is formed of an 
organic, photosensitive or pho.oimageable materia, which is disposed on 
surface 13 of substrate 12, using typica, resist deposition techniques. More 
specifically, base resist layer 14 is deposited on surface 13 o, substrate 12 
using standard spin-coating techniques, thereby providing for base resist 
layer 14 to have a planarized uppermost surface 15. 

in this particular embodiment, base resist layer 14 is disclosed as 
formed of a thin layer of an organic photosensitive material, such as novolak, 
or other similar materia, tha, is soluble and has a low molecular weight. I. 
should be understood .ha. an.icipated by this disclosure is the fabrication o, 
base resis, layer 14 using a moderate or high molecular weigh, soluble 
material. According to this disclosure, low molecular weigh, materials include 
,nose materials having a molecular weigh, o, less than 20,000. Medium 
molecular weigh, ma.eria.s include .hose materials having a molecular weigh, 
of 20,000-200,000. High molecular weigh, ma.erials include those materials 
having a molecular weigh, of more than 200,000. Base resis, layer 14 in .his 
particular embodimen, is deposi.ed a, a thickness of less than 300 nm, 
preferably wi.h a thickness of 150-300 nm, using standard spin coating 
0 techniques, well known in the industry. 

During fabrication, base resis. layer 14 is nex, developed as illustrated 
in FIG. 2, by imaging layer 14 wi.h a light, electrons or other irradiating 
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for ,he fabrication o, a gate stem (discussed preset). Next, the remaining 
portions ot base resist layer 14 undergo a stabilization process in which base 
resist layer 14 is cross-linKed by applying irradiating light and hea, to layer 14. 
5 „ should be understood that additionally anticipated by this disclosure is the 
stabilization o, base resist layer 14 by electron beam radiation combined with 
h eat by electron beam radiation alone, by irradiating light alone, or by hea, 
a ,one During this cross-linking process, base resist layer 14 undergoes a 
chemical reaction, causing the molecular weigh, ot the material to increase, 
10 without destroying opening 16, or more particularly the gate stem opening. 
Anticipated is the use o, irradiating light having wavelengths horn 150 nm «o 
,000 nm. More specifically, the choice of wavelength depends upon the 
chemical structure o, the base layer and is chosen so as «o affect a cross- 
link ing o, base resist layer 14. In a preferred embodiment, deep ultraviolet 
1S light having a wavelength between 220-365 nm, is directed toward base 
resist layer 14, during the stabilization process, although i, is anticipated by 
this disclosure to extend this exposure to other wavelengths including 
broadband illumination. The intensity o, the ,ight, as well as ,he hea,, and ,he 
time in which bo,h mus, be applied to achieve cross-linKing, is controllable so 
20 as to achieve maximum benefits. This process of pho,os,abiliza,ion provides 
tor a drama,ic reduction o, the solubility of base resis, layer 14 in a soiven, 
and results in a stabilized base resist layer 14. 
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to FIGS 3 and 4, the wafer stack, generally referenced 
Referring now to FI<jS. o anu , 
10 , is n e>, coafed with an cr g anlc, resist stack ,8 which . -poslfed cn . 
upp ermos t s Urt ace 15 of s t a b l, iZ ed b ase reals, laverf. abnc ^ 

5 ; n coafln g ,erso m eo th er similar —e k nown,n th a an for depose 

^^^^^^^^^^ 

snsjtive „^ h F«.^-c^-^«-»-- 

tresis, It should be noted that all components of FIG. 4 that are S '™ * 
t l components — d In FK, 3, are debated with sim„ar numbers, 

" Referring more specifically to FIG. 3, in this particular embodiment, 

re sist stack - *- of resist layer 2 0 that is more isotropic 
Sloping than stabilized base resist iayer H or subseguen, res.st layer * 
R esis, layer 22 is formed o, a low molecular P hoto,mageab 

deformationof stabilized base resist layer 1 4 with this subseguent de P os,„on 
of resist layers 20 and 22. 
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, n the amative, and as illustrated in FIG. 4, organic resist stac. 18 , 

proc ess,n, During this step, a —a, —lion o, stac. , 8 resuits ,n 
abWay ers,acK wherein a portion^ ot resist s,ac k 18 termed nearer the 
surtace ot staged Pase resist layer 1 4 is more isotropic,, developed and 
thus more soloPle. tnan a portion 22 o, resist stacK 13 
uppermost portion ot the resist stac, 18 ■ More s P ecitica,l y , during 

0 the Pase within the deveioper dittuses into the uppermost portion 22 c, res,s, 
stack 16 . This dittusion ot the base into uppermost portion 22 ot res.s, 

simila r to tne initial Pase resist layer 14 prior to station, and portion, or 
layer 22 it snouid Pe understood, that resist stacK 18 (1 8 , , irrespective o, 

formed as a positive resist. 

herring now ,oHG.S, water stacK 10. and more speciticaiiy, resist 
stack 18 is next deveioped and patterned using standard lithographic 

Dur ,ng development, the exposed area ot s,ac k 18 is removed, therehy 

opening having a re-entrant protiie 2 6 is termed during development in res.s, 
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.hereby terming the open,, ,0, the uppers, portion of the T which <°- 
the T - g a,e struma. i, should be understood tha, during tabrication, opening 
s 2 4 termed to detine the dimension C - uppen.es, portion c, the tiered 
stru c,ure has a preterred dimension, ratio ot a, ieas, 2, with respect to 

pret erred embodiment, opening 16 has a dimension ot approximately 
nanometers microns, and opening 2 4 bas a dimension ot approximately 750 
10 nanometers. Opening 2 4 is described as having a dimension tbat is iess 
than opening 26, but greater than opening 16. 

Subseguen, to the pacing o, resist s,ac k 18, me,— taKes 
p,ace whereby a conductive meta, materia, 30 is deposited within openings 

clea n,ng ot the exposed surtaces prior to me,—. Me,— occurs 
20 by evaporation o, sputtering technics, weii Known in the ad. - 
anticipated by this disclosure, ,ha, any type c, conductive metai, such as gold 
(Au , titanium (Ti), or the li.e can be used during the metallization process to 
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form tiered structure 32. 


22 an d any ^ 30 deposed on ^ - —on proee , 

d This step * remove, .ay be done b y — es inol U d,n 9 a 
are removed. Th,s step piasma 

r;::;"— — 
rn. 1 — ~ 

structure, as illustrated. 

0 • ■ Q nmress of fabricating a 

♦~ Pin 8 illustrated is a process 
Referrinq now to FI<j. », ,IIU3 

■r t of FIG 7 Semiconductor device 42 in this 
40 Generally similar to T-gate 32 of FIG. 

40, genera y understood that 

by this disclosure. 

20 Semi — r de V ,ce,o rt — 

. se m— or — A soerce <S and a dra,n 4 S a, rormed « 
ppem os t s Urt aoeo fth e S e m — . So.ee 4S and dra.n « 
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. semiconductor materia,, such as germanium (Ge), sandwich between two 

aiternative — commonly used for source and drain structures are 

is tabricated in accordance with the description given tor FIG* 1-7. T.ered 
structure 40 is positioned between source 46 and 48 to form complete 
semiconductor device, or transistor, 42. 

Thus a method for fabricating a tiered structure, such as a T-ga,e 
structure, and a device in which the tiered structure is used, is disclosed. The 
tier ed structure includes an initially deposited resist layer that is stabilized, 
ther e by providing for the subseguen, deposition o, a resist stacK without 

stabbed resist layer provides for subseguen, res.s, layer deposition without 
int er,ayer intermixing. This enhancement o, the resist properties provides for 
impro ved fabrication o, semiconductor devices, including the ease with which 
subsequent deposition of resist layers is achieved. 


